Introduction
Natural Killer (NK) cells are lymphoid cells of the innate immunity involved in the elimination of virally infected or tumor cells. NK cells secrete pro-inflammatory cytokines that modulate downstream adaptive immune responses. In turn, NK cell function can be greatly influenced by the microenvironment, i.e. cytokines, chemokines and cell-to-cell interactions (1) (2) (3) (4) (5) (6) . NK cells with peculiar features have been identified in different tissues, including liver, mucosal tissues, lymphoid organs and decidua (7, 8) . During normal pregnancy, high number of immune cells, such as NK cells, regulatory T cells and macrophages, accumulate in decidua during the early phase of gestation and are required for a successful pregnancy (9) . Decidual NK (dNK) cells represent as much as 50-70% of lymphoid cells in the human decidua, during the first trimester, while they progressively decrease during the second and third trimester of pregnancy (10, 11) . Moreover, dNK cells display unique phenotypic and functional properties: a CD56 bright , CD16 neg , Killer
Immunoglobulin-like Receptor positive (KIR + ) phenotype and low cytolytic capacity (12, 13) .
Previous studies in humans revealed the presence of CD34 + haematopoietic precursors in decidual and endometrial tissues able to give rise to NK cells in vitro (14) (15) (16) . Recent findings, both in humans and mice, have shown that uterine NK cells are involved in endometrial remodeling, spiral artery modifications and placentation (17) (18) (19) (20) (21) . Although a large body of information on uterine NK cell function comes from data in mice, our knowledge regarding the presence and the phenotype of murine NK cells in decidua and uterus during early pregnancy (first week) is still incomplete. Another important question concerns their origin. They can be generated in situ from precursors or recruited from the periphery into decidua and uterus, where the microenvironment can modulate their phenotypic and functional characteristics.
NK cells originate from Haematopoietic Stem Cell (HSC) in the bone marrow (BM). Their
differentiation process leads to a sequential loss of pluripotency paralleled by a progressive commitment to the NK cell lineage. Several NK-committed developmental intermediates have been identified (22) (23) (24) (25) (26) (27) . Experimental evidences suggest that a fraction of NK cell precursors (NKP) traffic from the BM to other tissues where they undergo terminal differentiation (28, 29) . NKP have been identified in thymus, lymph nodes, tonsils and decidua (16, (30) (31) (32) . In mouse, the earliest committed NKP is characterized by the expression of the IL-2 receptor β-chain (CD122) and the lack of lineage markers, including CD3, CD19, Ter119, Gr-1 (=Lineage negative, Lin -) (33, 34) . The acquisition of CD122 on Lin -HSC corresponds with their commitment to the NK cell lineage (35) . NKP progressively acquire the phenotypic and functional properties of mature NK cells. Various markers allow the identification of different stages of NK cell maturation. The first to appear are NKG2D and NK1.1, followed by NKp46, CD94/NKG2A/C/E, CD27, DX5, Ly49 receptors and CD11b (28, 36 (40) . Since, studies in humans clearly indicated that NK cells represent the most frequent lymphoid cell population during early pregnancy (first trimester), playing a fundamental role in the establishment and maintenance of pregnancy, it would be important to gain more information in mice (12, 18, 41, 42) .
In the present study for the first time, murine NK cells were analyzed separately in decidua and uterus. We described that high proportions of immature NK cells are present both in decidua and uterus during the first week of pregnancy. In addition, we identified NK- Another possible explanation on the origin of dNK and uNK cells is that they undergo in situ differentiation from precursors. Thus, we transferred Lin -CD122 + NKP isolated from the BM of EGFP + mice into syngeneic WT mice at gd 0,5. As shown in Figure 2B , the EGFP + cells recovered in all organs were CD3 -NK1.1 + (at gd 7, 5) . No EGFP + cells were detected in the uterus of virgin mice, used as control (not shown). In addition, we analyzed the presence of Lin -CD122 + NKP in decidua and uterus. Figure S3 shows that high amounts of NKP were present in decidua and uterus of pregnant mice thus suggesting that dNK and uNK cells derived from haematopoietic progenitors recruited when pregnancy establishes.
Presence of immature NK cells in decidua and uterus.
In order to verify the NK cell differentiation in decidua and uterus, different markers acquired during NK cell maturation were analyzed(36, 43). As shown in Figure 3A , the expression of NK1. Representative cytofluorimetric analysis at gd 5,5 is shown in Figure S5 . Taken and did not vary during pregnancy ( Figure 5A ). In addition, we comparatively analyzed the proliferation rate of T and NKT cells derived from decidua, uterus, BM and spleen. As shown in Figure S6 , both cell types displayed a low proliferation rate, which was not significantly Notably, the activating receptor Ly49D was expressed in higher percentages in dNK cells as compared to NK cells isolated from the other tissues.
In addition, the expression of Ly49C/I, Ly49G2 and Ly49D was analyzed in the 4 NK cell subsets defined by CD27 and CD11b expression ( Figure 6B ). In all tissues, the percentages of Ly49C/I were low in CD27 However, the information on the origin and phenotype of decidual and uterine NK cells is still limited (39, 41, 42, 44) . In the present study, we analyzed murine dNK and uNK cells starting as early as gd 3,5 by using markers expressed since the initial stages of NK cell differentiation. We showed that, during early pregnancy, large proportions of NK cells were present in decidua and uterus. Adoptive transfer of peripheral NK cells revealed that only a minority of these cells was recruited in decidua and uterus, while NKP efficiently migrated in these organs and there, they underwent differentiation generating dNK and uNK. Moreover, NK-committed haematopoietic precursors were abundantly present in decidua and uterus of pregnant mice. These cells underwent rapid in situ proliferation and differentiation thus generating dNK and uNK cells with poor cytotoxic function but able to produce soluble factors involved in the maintenance of pregnancy. Despite their immature phenotype, dNK and uNK cells expressed high levels of the activating Ly49D receptor, thus suggesting that a peculiar NK developmental pathway may occur in decidua and uterus.
Previous studies in mice have been focused on the analysis of NK cells present in pregnant uterus using DBA, a surface marker specifically expressed by uterine NK cells. However, DBA is acquired by a small percentage of uterine NK cells and its expression increases during pregnancy (39, 45, 46) . This led to the notion that mouse uterine NK cell numbers peak at mid gestation, thus differing from what described in humans (11) . In our present study we analyzed dNK and uNK cells by using NK1.1 and DX5 markers. NK1.1 is acquired very early during NK cell differentiation, while DX5 identifies the majority of mature NK cells. Interestingly, at gd 5,5, proliferation of NK cells was higher in decidua than in the other organs. Subsequentially, dNK cells undergo rapid maturation in situ. Taken together, these data indicate that the NK cell differentiation can occur in decidua, as previously described for other peripheral sites, such as inflamed lymph nodes, tonsils, thymus and liver (8, 28) .
Studies in humans have been mostly focused on NK cells isolated from decidual tissues during the first trimester (i.e. early pregnancy). These studies revealed that dNK cells release a number of cytokines/chemokines involved in tissue remodeling and neoangiogenesis rather than pro-inflammatory cytokines (IFN-γ and TNF-α) (12, (17) (18) (19) 48) . In addition, human dNK cells were poorly cytolytic, in spite of their relevant content of perforin and granzymes. They also displayed a peculiar surface phenotype, as they were CD56 bright (typical of immature NK cells), and KIRs + (normally confined to mature NK cells). It has been shown that human dNK cells express both inhibitory and activating KIRs specific for HLA-C molecules that are present at the trophoblast cell surface during the first trimester. The interactions between
KIRs and trophoblast HLA-C molecules appear to play a relevant role for a successful pregnancy (12) . Our present data showed that murine dNK and uNK cells display phenotypic features similar to those of human dNK cells since they express high levels of the MHCspecific Ly49 receptors (i.e. the mouse equivalent of human KIRs), in particular the Ly49D activating receptor. In addition, mouse dNK cells expressed high levels of CD27, a marker that is associated with a bright expression of CD56 in humans (49, 50) . Similar to humans, murine dNK cells were poorly cytolytic and produced low amounts of IFN-γ despite their high expression of the activating receptors NK1.1, NKp46 and NKG2D and high levels of granzyme B. Moreover, we showed that murine dNK cells were capable of releasing cytokines and chemokines involved in tissue remodeling and neoangiogenesis, including GM-CSF, VEGF and IP10.
Taken together, our results suggest that decidua and uterus represent novel sites able of sustaining NK cell differentiation. It is conceivable that the particular microenvironment may play a critical role in the acquisition of the unique dNK and uNK cell phenotypic and functional characteristics (8, 14) . In this context we showed that IL-15, a key cytokine for open by a cut at the anti-mesometrial side and the implants were isolated and processed as a source of dNK. Starting from gd 9, the decidua was separated from the implant by collecting the
